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SYNTHESIS OF POLYESTER FOAMING RESINS 

Prepared by 

lo Silver and J« Parker 

ABSTRACT? In accordance with a Joint propram established 
bv the Naval urdnance Laboratory and the Naval Air 
Development Center, this Laboratory has synthesized 
approximately eifhty resins for consideration as foaraed 
core materials in radomes^ These resins have been 
forwarded to NADC for evaluation© Equations for 
calculating hydroxyl numbers and residual water content 
have been derived and their applicability discussedo Tho 
reaction of residual water in the resin with the isoeyanate* 
resin reaction product to form urea derivatives capable of 
further eross-linkinp through active hydropens has been 
considered f. 
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This report describes the polyester resins synthesized for 
the Naval Air Development Center in aecordanee -with a joint 
prof ram leading to the development of ±rdVTOv®6  foamed cor© 
materials for radoraeso This program was carried out under 
Task NOL=l69~5l and is now considered completedo This 
represents a final report on the subjecto 

EDWARD Lo WOODYARD 
Captain, TJSN 
Commander 

DAVID S0 M07SEY. 
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SYNTHESIS OF POLYESTER FOAMING RESINS 

INTRODUCTION 

lo The Naval Ordnance Laboratory was requested by the ivrval 
Air Development Center at Johnsville, Pennsylvaniat to enter 
into a Joint program leading to the development of improved 
T>rt ^ \*£\ts &&*•&* A A A flAAtr#>MA4*M    ^««»n*     <PA«»    « mgtk    #•» *•     ** n*trf4«.r4 i*»V»    wt«% 4»«kwf #•* ^ »     4W 
JC-' *-'•*» J  ^-W */*--,%, UAAUWV'^ G.11CX U V*       X UUHitJ        A  WA IA*?*&       CAW        •JtXA.lX* WAbll "Id   WA  JkCX JLk*       1S.41 

radome structures (references a and bK The Naval Ordnance 
Laboratory, because of the availability of laboratory facilities 
undertook the synthesis of polyester resins whereas the Naval 
Air Development Center assumed responsibility for the evaluation 
of these resins as foamso 

2„ The polyester-diisoeyanate foams were first developed by 
the Germans in the last war and certain basic formulations 
suggested by their work have been further developed by DePell 
and Richardson and the Goodyear Rubber Company in this ccuntry0 
The latter has been mainly responsible for the development of 
new and improved foaming technirues (references c and d)o 

3c The German resin and the one currently being used by 
Goodyear is based on the esterifieation of adipic acid and 
phthaiic anhydride with plycerol or trimethylolpropane t© 
the consistency of a thick syrupy llouid with an acid number 
ranging from 2^A0o Although this resin has proven capable 
of meeting most of the present requirements of the foam$ it 
was believed that the potentialities in this type of material • 
had not been fully realised and that further improvements In 
strength, dielectric properties and processability could be 
attained through alterations in the structure of the resinso 

\»    Sinee the war other mono- and polyfunctional acids and 
alcohols have become available in commercial and experimental 
ouantities and conseouently the synthesis of improved polyester 
resins appeared to be justifiedo Dr» Ho Moore of NADC has 
prepared a critical review of the chemistry of the present 
foaming resins and has suggested two main modes of attack in 
improving the present foams (reference e)o The first consists 
essentially of a screening program to modify the basic German 
re3in formulation with polyfunctional alcohols and acids and 
viscosity modifiers and to determine the effect of these resin 
components on the viscosity, reactivity and properties of the 
foamed resin<> A list of resin components for consideration in 
this program has been prepared by Dr«> Moore in reference (e)n 
The second phase consists in synthesizing unsaturated resins 
(Terpolymer type) which would attain maximum strength by the 
formation of carbon to carbon bonds through addition polymeriza- 
tion as well as through cross-linking with diisocyanateso 
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CITKMISTRY OF POLYKSTF.R-DIISOCYANATE FOAMS 

5° The chemistry of the polyester~diisccynanate foam has 
been described in several publications0 Dr0 Moore in 
reference Ce) includes a complete bibliography on the subjecto 
Basically a polyester containing an excess of hydroxyl and 
earboxyl proups reacts with a difunetional isocyanate such 
as tolylene diisoeyanate (TeD«I») to form urethane and amide 
linkages, respectively, with the simultaneous evolution of 
carbon dioxide0 The latter is entrapped in the viscous 
fluid, expansion occurs and through eross<=linking, the 
reaction mass is ouiekiy polymerizede 

60 Polyester resins are prepared by condensing polyacids and 
polyaleohols with the elimination of water» With difunetional 
ncids and plcohols as reaetants, the resin formed is linearo 
The physical properties are determined to a considerable extent 
by the chain lenpth and depree of crystallinity and hydrogen 
bonding in the resin, the latter in turn being a function of 
the molecular structure of the reaetantso 

7» Polyester resins used in the preparation of foams, however{ 
are synthesized from trl-functional alcohols and dibasic acidso 
This tri-functionality leads to chain growth in three dimensions 
(cross^linking) and eventual gelation of the resin where eoui- 
molccu3ar amounts of f-eid and alcohol (OH/COOH mole ratio - 
lo5sl) are used gelation occurs at about 75%  esterlficationo 
This is undesirable from the viewpoint of processability of 
the foem since a lieuid resin of pourable viscosity is necessaryo 
Any increase in OH/COOH ratio results in a lower molecular 
weight product but avoids the tendency to gelo The German 
formulation is based on a OH/COOH mole ratio of 2:1 as shown 
belows 

Adipic acid        2«5 2 TTCOOHT 
Phthalic anhydride 0o5 2 1 (COOH) 
Glycerol V<,0 3 12 (OH) 

80 VJhen polymerized to an acid number of *HO$ this resin has 
a viscosity of about 700 poiseso Increasing the ratio (greater 
concentrption of glycerol) results in free glycerol in the 
reaction product which is detrimental to the strength of 
resulting foamo Decreasing the ratio to below lo8»l would 
probably result in an extremely viscous and probably unusable 
resin at an acid number of *40<> It is obvious that effecting 
a change in properties of the foam through variation in the 
OH/COOH ratio is seriously limitedc 
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9o    Fy employing the German formulation as a base It Is 
possible to vary the properties of the foam by substitution 
of other difimetionai acids for adipie and trifunctional 
alcohols for flyeerol? Condensing the resin to an acid 
number of ^0 with a given viscosity is not always possible 
as each of the substituents used has a specific effect on th© 
viscosity of the reaction products Lowered viscosities may be 
compensated for by decreasing: the OH/COGH ratio o Increases in 
viscosity are more difficult to control in that the us© of 
modifying- agents may be reouiredo Ihese agents are usually 
mono"* or difunetional alcohols or acids which lower the 
viscosity by decreasing th© eross»llnking in the resino This 
may be detrimental since softer foams usually result* Compensa* 
tion for this softening effect can be made by the use of 
substituents contributing to the hardness and toughness of 
the foamo This includes aromatics (phthalic anhydride), 
halogenated acids (bromo°succinic)? unsaturated acids Cmaleic} 
or the use of higher functionality substituents (pentaerythrltol)o 

10o Numerous combinations of formulations are evidently 
possible9    By systematically studying these combinations in 
terms of viscosity, reactivity with diisoevanates and the 
physical and electrical properties of the foam, it is probable 
that a new formulation can be developed with properties 
considerably superior to those of the German formulation<= 

EXPERIMENTAL PROCEDURES 

Resin Preparation 

11o A sketch of the apparatus used In carrying out the 
esterification is given in Figure lo Briefly, the resins 
were prepared in three necked flasks heated by Glascol 
eouipment and under an atmosphere of nitrogen^ Water of 
reaction was condensed and measured in graduated cylinders 
attached to the receiver* Residual water in the resin can 
be removed by vacuums The reaction was usually carried out 
over a period of several hours at maximum temperatures 
ranging from 130°C8 - 250°Co 

Analytical Methods 

12o The Analytical methods employed have been set forth In 
reference (f)o In view of the considerable amount of time 
involved in analyzing the resins and the conflicting desire 
to increase the output of resins9 calculated values were often 
used for water content and the hydroxyl number0 Formulas were 
derived, which allowed calculation of these values when experi- 
mental tfata on acid number and the amount of water of condensation 
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in the receiver was available0    A, summary of the analytical 
data and cooking schedules are given in Table la 

3-3» Residual watey conjt;enfls The first group of resins 
prepared in this program (Table 2}  were checked for water 
content by the Stark^Dean method0 This method was considered 
least desirable for many of the resins as continued heating 
causes further esterifieation and consequently high water 
valuesc The Karl Fisher method was attempted on a small 
number of samples but the results were not considered reliable 
because of pejor reprodueibility and was abandoned in favor of 
calculated data0 Further refinements in technique are probably 
necessaryo Reference Ci5 discusses the derivation of the 
formula for calculating? the water content of the resins,, The 
final formula is given belows 

% H2O . wp s 2§£ (wi . apax 

Wx a We«W- s residual water in resin plus water used in 
hydroiyzinp the anhydride (pin) 

WQ - 3.84X s total theoretical water of esterifieation (gm) 

Wd - total measured weight of distillate (gm) 

<6, X - (X0 - ES) •. number of mois of COOH reacted 

X0 g. initial number of mols of COOH in reaetants 

a 2 initial number of mols of anhydride in reaetants 

n zs  acid number 

R m  Ro " w<j s weight of resin batch (gm) 

RQ - initial weight of reaetants (gm) 

m s 561ICO - ID3 x the >noleeular weight ox" KCH 

Tliis calculation, howevers ignores the possibility of e.thes? 
formation and depends upon the accuracy of determining the 
weight of distillate and the estimated extent of anhydride 
hydrolysiso While the equation could be useful in production 
synthesis of a single resin type, experimental values should 
be determined where the resin reaction characteristics are 
unknown o 
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1-HS Water values for several resins were obtained with a 
vacuum-oven method which is considered the most reliable of 
the several methods studiedo Where available these values 
should be used in calculating required TeD,Io for foamlngo 
Essentially, this method consists of measuring the loss of 
weight of a given sample in s vacuum oven (15 hrs @ 80°C0) 
and measuring the change in the acid jh    By accounting for 
any water of esterification formed and assuming th?t no loss 
of non-aqueous constituents oseurs^ the following formula was 
used to calculate residual water content© 

ri    _J 

where: r^ s initial sample weight (gm) 

j»2 - final sample weight (gm) 

4w s 18 (njTj-ngrg) 
m 

n^ s initial acid number 

n2 s final acid number 

a s 56,ICO 

In some eases the correction term <&> w    mav fee neglected*, hoviever- 
rl 

it should alleys be calculated where the resin reaction character- 
istics are unknown or where the resin is known to be far from 
its I'ater^ester eoullihriumo In the latter case the acid number 
may change considerably making the correction term appreciablec 

15a Unfortunately this project was terminated before water 
values by the vacuum-=oven method for all of the resins 
synthesized could be obtained»    It is suggested, however, that 
NADC carry out such determinations on those resins which appeal 
to be most promisingo 

16 o Hydroyyl, nujnber: Standard acetylation teehnicues 
(refer enceifT were used for determining hydroxyl numbers for 
many of the resins tabulated in Table 1* An ecuation was 
derived (reference l) permitting the calculation of hydrcxyl 
numbers when corresponding acid numbers were knowno In order 
to conserve time, calculated values were later used rather thar.. 
the experimental values ° The following formula was employed tc 
calculate hydroxyl numberss 
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R 

h s hydroxyl number 

m = 56^100 

R s original batch weight minus the water 
of distillation 

Ye s total raols (B charged 

XQ s total mols COOH charged (including anhydride) 

n « acid number 

l?o For many resins9 the agreement between experimental and 
calculated values are very good; in otherst  the differences 
between experimental and calculated values are of the same 
order as that between experimental determinations© Further 
work on refinement of the standard aeetylation technique 
appears necessary as low results are often obtained unless 
large excesses of acetic anhydride are usedo 

l8o One limitation to the formula as it is used is the 
possible reduction of hydroxvl number through etherificationo 
This reaction is difficult to measure and thus is not considered 
in the formulae No corresponding change in acid number occurs 
with the loss of OH - groups in the formation of an ethero 
In view of this fact, direct experimental determinations ar© 
considered more reliable than calculated values unless it is 
knotm that no  ethers are foimed during the resin synthesize 

19 o TQtal reactivity Iflfilll&lflg aa&SE content In view of the 
analysis made by. Go Beyer and eoworkers (reference g) of network 
formation for polyester-diisocyanate elastomers ("vulcollans"3 ? 
the water content of the polyester to be used for foaming; shou 
be considered In the calculation of theoretical ouantities of 
tolylene dilspcyanate (T„SoIo) (reference i)o 

20o Previous calculations based on the assumption that one*" 
half or one molecule of ToDoI* was required for reaction with 
one molecule of water gave results indicating that the ToD0I-> 
reoulred for reaction with the water in the polyester was 
negligibleo The considerable excesses of ToDdo needed for 
optimum results in the cases of many of the polyesters seemed 
to have some relationship with the water contento 
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21o    Recalculations "hosed on the 3s2 T.D3I0  to water ratio 
showed that the amount of ToDdo  previously thoupht to be 
excess vns  in many cases  less than theoreticalo 

22 o    Following Beyer fis reasoning the following reaction 
scheme is set >,sps 

(x + ^COCN-ZVCH,   )   + X (HO J&teafcszuoH) 

\ ) 

IT, 

OCH- 

NHCQ)p 0~ ,PQly,eatft£~ Q^QCTtH 

H3G-\/NCQ 

23o This reaction emphasizes the possible evils of too 
preat an excess of T»D<»Io, particularly where there la little 
cross "linking; in the polyesterc A 1:1 ratio of T0D0I9 to 
polyester functional proups would result (theoretically) in 
only one polyester unit per molecule« It seems likely that 
e ratio somewhere between Isl and 1*2 T«DoIo to polyester 
functions]!, proups would be optimum sine© it is desirable 
that the product of (I) end with a T.D«I« molecule*, For 
present purposes of calculation the li2 ratio is chosen for 
maximum chain lengtho 

28+« The product of I is capable of reaction with water to 
form a substituted ureao , 

i 

v 
2 I OCN 

i 
1 

s 

 R„ 

V) 
MCO-l-0 -JQiXfiaiSJUocOM 

X H 
H 

/—<! 

JS& -?-=J. 

-•- ROCN 
H      ^~—4:CH 

C 
H 
N 
/ 

:NHCO-\0-^olzejAe£0i 0CM 

X 

+  CO 

X 

HjC-y/a-Nco 

2 

HgO 
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2$«, Tli® reaction product of II possesses two active hydrogens 
at the urea bridge Car-rows) which may reset further with 
isocyanate increasing the cross-linking* 

26o In the above reaction scheme it can be seen that 3/2 to 
2 mols of TsDolo are required for one mole of water« 

2?v    If all of the polyester functional groups may be considered 
to reaet ecually with the ToD0Io the total number of mols of 
reactants (polyester functional groups plus water) will be 

g 

w 

It 

n s acid number 

h s hydroxyi number 

g s prams polyester 

28o The first term is the number of mols of polyester 
functional proups9 the second, the raols of water in the 
polyestero 

2$0    From reaction I the ratio ls2 for mols TaDoI« per moi of 
polyester functional groups was choseno For the raols ToD«I0 
per mol water the ratio 3*2 was chosen, since only one of the 
urea bridge hydrogens readily reacts which is analogous to 
similar reactions of T«,DoIa and substituted ureas (reference g/ 

30o The theoretical welpht of T.Ddo per gran of polyester is 
them 

1/2/ n + h V 3/2 WB " / T.^4. 

(MW of TuDoIo  s Vp,  ) 

or 

aaa.0JE.9P9J.ii_   ; 1*55  in_xJa * OolM wp pmsc Polyester 1000 * 

8 
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31D TV.is calei.ilation has been carried out for most of the 
resins sent to the Naval Air Development Center and the 
results tabulated In reference (j)c VJherever there is some 
cuestioii of the proper water content, new values should be 
Obtained for the above formulationo It is also necessary to 
call attention to the fact that acid numbers may he  expected 
to ehanpe on storage of the resin as it tends to reach a state 
of equilibriumo Wherever resins have been stored for Jong 
periods of time, it may be worthwhile redeterminlng acid 
numbers and water contentso 

DISCUSSIOlf 

32o Approximately eighty resins were forwarded to NABC for 
evaluationo These resins, along with data on their acid and 
hydroxyl numbers and residual water content ar© listed in 
Tables 1-6© A considerable number of other resins war© 
attempted but either due to the incompatibility of th® reactants 
or to the formation of gels or solids« they are not considered 
worthwhile reportingo 

33« In the initial phase of this program§ a wide range of 
rasin compositions was attempted In accordance xd.th a projected 
line of attack agreed to by KADC and NOL (references b and h)o 
It was planned to prepare each resin in 2 acid numbers, HO and 
60, and if possible within a viscosity range of 600*700 poisesc 
These resins are tabulated in Table 2e It was found, however,, 
that with variations in 0H/C00H ratio and in concentration and 
type of reactantj, the resulting viscosities often varied in an 
unpredictable manner« By the us© of viscosity modifiers (di- 
and mono-functional constituents, viscosities were subject to 
closer control but usually at some scarifice in available 
cross-linking proupso 

3^+o Hesins in Table h  were synthesized mainly with the idea 
of studying the effect of reducing the hydroxyl number through 
the use of monofunctional substitutes on the viscosity cf th® 
resin and on the physical properties of the foaifio The theory 
had been stated (reference ©3 that due'to rapid gelation and 
resulting steric hindrance not all of the OH groups react with 
the ToDol* in the foaming of the standard German or Good/ear 
resin© It was assumed that using modified formulations a 
reduction in hydroxyl number could be possible without 
effectively decreasing the degree of cross~linking through 
reactive OH groupso Such a reduction in OH number coulld 
result In lowered water absorption and Improved dielectric 
properties provided all of th® available OH proups would 
react with ToD,>Io 
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35 © Resin IB-lb contained acrylic acid as a monofunctional 
substitute^ This approach should preys to be promising as 
it suggests a means of preparing formulations with reduced 
OH numbero These resins wou3d require less diisoeyanate and 
yet attain the proper degree of cross-linking through addition 
polymer!nation of the acrylic constituent© 

36« Table 5 lists resins prepared with trifunctional acids 
and difunctional alcoholso These reactants are used in some 
resins in such concentrations that the mol ratio of hydroxyl 
to car'hoxyl is the inverse of that of the standard German 
resin without a change in the overall number of available 
reactive groups Cn + h)o Because of the high acid number9 
exceedingly low density foams should be possible with this 
class of resins and conseouently provide a method for 
adjusting the density of foams without resorting to the use 
of diluents such as water or acetone and possible degradation 
of physical propertieso 

37© Table 3 represents further variations in the standard 
German formulation employing additional difunctional acids 
and alcohols * Attempts were made to substitute terephthali© 
acid directly for the phthalic anhydride but no easy esteri- 
flcation of the eeid was obtained© It was necessary to 
esterlfy the terephthalic acid in an excess of diethylene 
glycoi and to add the reaction product to glycerol and adlaic 
acid and continue the reaction* Thi3 accounts for the low 
viscosities of resins containing terephthalic acida These 
resins can be considerably improved by developing a method 
for esterifying the acid with glycerol without the use of 
diethylene plyeol© Further work along these lines should b© 
carried out as terephthalates may conceivably contribute 
greater strength and a higher heat distortion point than the 
phthalic anhydride (reference k)© 

380 Resins in the "D" series in Table 6 were formed by 
condensing hydroxy dibasic acids with difunctional alcohols © 
The aim of this series was to prepare linear chains with 
periodically spaced hydroxyl groups available for cross- 
linking with ToDolo By varying the position and number of 
OB groups in the chain* it should be possible t© vary the 
rate of the reaction with To Dole, and to control the pour 
point viscosity more closely« Actually the OH groups enter 
into reaction with the hydroxy acids and the concept of 
controlled spacing of the OH group is difficult to achieve © 

39o Resins formulated with pentaerythritol are listed in 
Table 60 As a polyfunctional alcohol it has found considerable 
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t.--.se In elkyd vehicles for varnishes by contributing toughness 
end hardness« By analogy, the use of pentaeryntol could 
conceivably result in foams with increased strengtho In 
practice the tetrafunctionality of the pantaerythritol results 
in rapid relation and considerable difficulty was experienced 
in preparing resins with both the proper acid number and 
viscosityo ^Modifying afents with difunctionality were used to 
yield resins with satisfactory viscosities possibly offsetting 
any advantage derived from the pentaerythritolo Additional 
fonsulntions should be considered aiming towards incorporating 
the maximum amount of pentaer-ythritol in the resin 0 

The synthesis of unsaturated foaming resins formed the 
second major portion of this program© Unfortunately, only a 
small number of resins were attempted and of these only three 
were sent to NADCo This type of resin would be desirable in 
that it offers a method by which large reductions in the use 
of ToDolo would be possible without loss of cross-linkingo For 
example& unsaturated resins with low acid numbers and h3',droxyi 
numbers could be reacted with T«D<,Io The hydroxyl number should 
be the minimum required to cause sufficient thickening of the 
resin to retain the gas as it is formed o    Subsequent hardening 
and development of strength properties can be attained through 
adcH^mal polymerization of the unsaturated bonds o 

h%0    Due to the linearity of these resins it becomes necessary 
to employ ©ross-linking agents (styrenes diallyl phthalates et«) 
in order to obtain any degree of satisfactory strength and9 al«© 
to thin the resin to a suitable viseosityo The choice of type 
and amount of cross-blinking agent should be studied simultaneousI3 
with the synthesis of these resins» Compatibility of the eros.s- 
linking agent must be considered and modification of the resin 
may be necessary to improve compatibility0 In addition the 
catalytic system used to polymerize the resin must be eonsiderod 
in developing a technique for foaming these resins0 Resin IIA"12 
is a simple ecuimolecuiar combination of difunctional alcohols 
and acids including maleic anhydride condensed to acid and 
hydroxyl numbers of about *+0o Resins are closer to the 
standard German formulation in that trifunctional alcohols 
are employed and th© resstlon product has a high hydroxyl 
number- Hydroquinone was used in IIA^ to impart possible- 
toughness to the foam and to improve the compatibility of the 
resin with styrene<> 

CONCITTSIONS AND RECOMMENDATIONS 

2+2 o Approximately 80 resins representing several basi£ types 
were synthesized and forwarded to NADC for use as foaming 
materials in radomes* 
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h$a    Formulas were derived to obtain approximate values of 
the hydroxyl number and water content<=    In view of the errors 
inherent in these calculations, it is suggested that direst 
experimental procedures 'be employed to obtain these data vjhen 
the natur-a of the reactions is unknowno 

M+o The importance of water content in calculating the required 
ToD,I0 for reaction was pointed out and an ecuation derived for 
this purposeo 

^5o It is recommended that in the future an integrated program 
of resin syathesis and evaluation be organized under the direct 
responsibility of a single groupo The progress of the program 
is dependent t© a considerable extent on results obtained in 
the evaluation of the resins <> Separation of these two functions 
as in the present program results in delays and prevents proper 
planning« 

12 
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Table 1     (contlni»d) 

3o«ia Starting Moxiirnra Ho-crs la Tlnal Final ^ Ws.- 
lite Tenp.*Cr IOO^-MB*. Cooldag Acid # 

CooklJjg iCtscp. Acid Uo„ at* g^^yVv, Ea?l 
flnw 3&S f-iTn^T^-n^ ^^» I^SS "^ «^>.A-r! 

„j '-*••&*- =. -^J|j.x. fcMA^ 
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%,6 

.^V, •A< 
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Table 2 

tea in Comositions 

Caa-ioaiticn^ 

.idipic  »cid 
I htiialie etihydride 
"lycorcl 
Tadr^thylolppopaiia 
1,4 .TutaHediol 

OH/COGB (MO1« ratio) 
Viscosity (poises) 
Acid % 

\dipic acid 
ph&halic anhydride 
Glycerol 
friathanolarnine 
£rlis opropanolaiiine 
1,2,6 Kaxanetriol 

QE/OQGE  (mole ratio) 
Viscosity (poiaos) 
Acid ft 

Adipic acid 
rhthalic anhydride 
Garble anhydride 
Glycerol 
1,2,6 Ilaxanetriol 
1,3 Butancdiol 

OH/COOK (fisolo ratio) 
Viscosity (poSaes) 
Acid 7 

1-1 1-2 II-l II-2 II~2a TH-1 III-2 iv-a. IY~i2 

2c 5 
0,5 
4.0 
<3a> 

2«5 
0,5 
4Q0 

0»5 
3»8 

0o5 
3o3 
•S3 

0o4 
2o6 

0o4 

2<. 5 
0*5 

4«0 
MJM 

2*5 
0„5 
oca 

4c0 

2 ^ 
0o5 

3.8 

2<5 
005 

3*8 
•ft 

2:1 
655 
61.7 

2:1 
658 
42»9 

1   O.T 
••Ud ^ » •*» 

245 
65«0 

T_uO;X 
730 
46o2 

loStl 
>i6co~ 

39,1 
1000 
65.7 

2:1 
^1000 

40o6 
725      ^1000 

62a$      46»5 

V-l V-2 VI-1 VI-2 VII-1 vii-a vin-i   vm-a 

20 5 
0,5 

2o5 
0o5 

2*25 
0.75 
3.8 

2,25 
0o?5 
3o3 

2. 5 
0o5 

2o5 
0*5 

2«25 
Oc75 
on 

2c 25 
0C75 

3»8       3»2 
3.6 3c6 

3*8 3c8 

1.9:1 1 _QO 1   n,i 
*B7 •* 

1   Q • 1 -    3.1 1      €»-"t 1.9*1 1.9:1 
585 665 >1000 ^1000 ^1000 >1000 435 £1C00 
65.9 43=0 66„0 46ol 60a0 44,7 65ol 4C.4 

IX-1 K-2 XII-1 XII-2 X7-1 XV-2 

1.5 1.5 3.0 3o0 5c0 5*0 
1.5 1.5 3o0 3.0 _ «• 
- » ~ «. lo0 1„0 
tm _ 6o0 6,0 7*6 7o6 
3*8 3.8 «, — «. - 
" MM 2„0 2,0 - * 

1    Oil 
-*- e / * JU 1*8:1 lo8:l Xc / ° ^ 1.9:1 

'1000 £1000 £1000 412 >10O0 >1000 
56,3 40*6 65.3 46,7 64*4 42.3 

a-mols concent rat ions 

C OLIOS'iTIAL 
JSGOiOTT 3KF01KATIDN 



GOiiTIDSTrHL 
I' .VD S3 "leporfc 2488 

fable 2        (continued) 

Coraposition. XVI-1 ::vi-2 XYII-1 XVII-2 XVIII-1 XVIII- 2   XK-1 X3X<=* 

ldlplc acid 
Phthalic anhydride 
iebacic acid 

?O0 3o0 
300 
3o0 

3o0 
3,0 3o0 3=0 

Tetrachlo rophthalic 
anhydride 

Glycerol 
Trtethanolanine 

1*13 

7»6 

io!3 

7o6 

;J„O 

6o0 6o0 8o0 8o0 
8o0 

C7i 

8o0 
1^3 Butonediol - - 2o0 2o0 - c=*> iiXS =s- 

OH/COOH (racle ratio) 
Viscosity (poises) 
Acid ;/ 

lo8:l 
815 

l„8:i 
>1000 

44°6 

ioS:l 
>1000 

64<>4 

1,8:1 
>1000 

49*2 
>1000 

64o5 

2sl 
>1000 
45*5 

2il 
>1000 

68o9 

2s 1 
>1C>00 

idipic acid 
Fhthalic anhydride 
fetrachlo rophthalic 

anhydride 
Ualeic anhyiiride 
Glycerol 
1,3 Butanediol 
ls4 Butanediol 

XXII-1    XXII-2    XXV-2      XXV-3 

3»0 3*0 4»0 
lo0 

loO 
7o6 

4o0 
loO 

IcO 
7.6 6o0 

4o0 

4o0 

6o0 

4.0 

0H/C0OH (nole ratio)      1„9?1     1*9:1      202:1      l09*.l 
Viscosity (poises)       >1000     >1000       545 
xid «? 60c 0       34o2       50,8       53 o 2 

a-faole concentrations 
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Table 3 Tesin Compos .'itions 

Composition5 1A-10 1A-U 1A-13 1A-14 1A-16 1A-20 u-ai JiriS 

Adipic acid 5o0 3o0 m m 5oC 5«0 5oO 5o0 
Terephthalie acid loO =. m «•* 1,0 - aw* 1.0 
Phthalic anhydride AM CJU 1„0 100 *» loO 1<,0 ttw 

Tetrachlorophthalic by n. rat* - 3,0 ~ - 
anhydride 

Di&lycolic acid • m 60O 6o0 M <» cas 

Trlfluoroacetic «•» = 290 «• w M m 

acid 
Dibraaosuccinic «> IcO «, **> Cz> CO mt 

acid 
1,4 Butanediol «- 2o0 4o0 3o0 - 
Diethyiene glycol 3.0 m « w- 3o0 3«0 3oO 3o0 
Glycerol 5»0 3o5 7»0 7*0 8„0 5»6 ate 

Trimethylolpropam© m « M - w <= 5o6 
1*246 Hexanetriol m - - M. Ml » - 5o6 

0H/C0OH (mole ratio) 
Viscosity (poises) 
Acid if 

1O8J1     108:1     108:1     1C9:1     1*7:1 
49 426       ^1000       m >1000 
38 o3       47o3       110.1     53 o 5       3802 

lo9:l     1=9:1     1.9J1 
85 268        66 
43*9       22*6       40ol 

• 1A-23     1A-24 

Adipic acid 
Terephthalie acid 
Succinic aiihydride 
Phthalic anhydride 
Ethylene glycol 
Diethyiene glycol 
Glycerol 
Trimethylolpropane 
Triethanolaaine 
Triisopropanolaoin© 

0H/C00H (mole ratio) 
Viscosity (poiaes) 
Acid# 

5e0 
loO 

3.0 

5o6 

1*9*1 
545 
26o3 

5.0 
1,0 

3.0 

5o6 

1*9:1 
136 
29al 

lA-27 

5o0 

loO 

2o0 
( 3 

lo9:l 
216 
36 ol 

1A-28 

5oO 

1,0 
em 

200 

6o9 

2:1 
300 
34,5 

lA-29 

5o0 

1.0 

loO 

6*9 

1A-30     1A-31     1A-32 

5o0 
loO 
3o0 

5a6 

1*9:1  1*9-1 
>100Q >1000 
34o9  49o6 

5o0 
loO 
ca-. 

3oO 

5o6 

5o0 
loO 

3oO 

5»6 

436   309 
48 «9  52o!> 

a-aole concentrations 
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Table 3      (continued) 

Ccnpo3ition lA«33a 1A-34 iA-35 

Succinic anhydride 
Phthalic anhydride 
1,4 Butanediol 
TrjLsethylolpropan^ 
Trilsopropanolanine 
Ethylene Glycol 

5»0 
lo0 

5 06 

3o0 

5*0 
1,0 
3«0 

5 06 
CO 

5.0 
lo0 

OH/COOH (mole ratio) 
Viscosity (poises) 
Acid •£ 

lc9:l 
$1,000 

29<>6 

i<,9:l 
320 
49»9 

1C9:1 
^1000 
30„9 

Table 4 

lies in Compositions 

Carsposition 1B~1     1B-3     1B-12   1B-13    lB-14   1B-15    1E-16   1B-17 

Adipic acid 5o0 5«0 
Phthalic anhydride le0 lo0 
Oleic acid - - 
Caprylic acid « 2o0 
Laurie acid <* — 
Acrylic acid - - 
Glycerol 8o0 8*0 
Trinethylolprcpane « - 
Triisopropanolaraine - *> 

5o0 
1,0 

3o0 

80O 

5o0 
loO 

4o0 

8C0 

5o0 
100 

2,0 

8o0 

5o0 
loO 

2o0 

8*0 

5»0 
loO 

2c0 

8o0 

5»0 
loO 
as 

2*0 

80O 

0H/C00H (mole ratio)    1.7:1   lo7:l   1«6:1   1*5:1   1.7sl   1O7:1   1O7*1   1»7:1 
Viscosity (poises)       764       206       216       549       337       320     >1COO  >1000 
Acid ff 28o5     4?o8     42o2     50*5     5G<>5     35=6     35<>4     52,0 

a-eiole concentrations 
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Table 5      3ssin Compositions 

Dospoaition 10-10 1C-16 10-19 10-30 10>31 

Adipic acid 4,0 
Azelaic acid 3.0 4»0 
Citric acid 6*0 
$van aciib 3«0 4o0 3o0 
: -aleo-Plnartc acid loO 
Caproie acid 3=0 
Fhthalic anlijdrf.de 0,5 0o5 
Terephthalic aeid. loO 
Glycerol 4o0 4o0 
Oiothylene glycol h*8 3o0 
1#4 Butanediol 4o0 2C,0 6o0 2,0 
2-Qctanol Qo4 

OH/COOB (nole ratio) 0„9sl 0o7:l 1:1 0o8:l 1*1 
STiscoaity (poises) 310 >1000 443 920 ^10 
Acid $ 54o3 395«9 254 oO 142*5 245*8 

a««ool<? concentration 
b'-carboay^-methyl mercapto 3uccinic acid 

Table 6        Resin Compositions 

e 
Conposition 

Adipis acid 
Azelaic acid 
Lialic acid 
1,4 Butanediol 
Pentacrythrit ol 
.iorbltol 
Caprylic acid 

OH/COOH (mole ratio) 
Viscosity (poises) 
Acid ft 

1D-5  2D~©  1D-7 

3*0 
6o0 
10o0 

loO 
1=0 

lo5 
3C0 
10o0 

1E-2 

2o0 

1E-5 

3*75 

4o0 

1*5 
«•«••»   —   *.   1,5 

92  >1000 >1000 >1000  126   4& 
22o7  5208  42o3  6l°5  2?o3  20o6 

loO 
le0 

1E-4 

7o0 
usa 

USB 

6o0 
3=0 

a-i-ole concentrations 
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Table 6      (continued) 

Ccapositioii IIA-9 IIA-12 IIA«43 II1A-1 inA«£ IICB"=1 

Adlpic acid mt M» 6,0 6o0 6,0 
lialelc anhydride 690 634 • tra «M> cm 

Phthalic anhydrf.de - 1,6 2o0 •S3 » rat 

Terephthalic acid 1.0 «sa a. «. - «9 

Fwraric acid « ~ 3o0 c* tw » 
Monoethaflolaniine .. .. a» c TC> 3o0 
iliethanolaraine «. CXB «e» 4o0 <4« u „ 
Ethyl/ens gly«ol •w «• <» 1   A 

1#4 ButanedioX 3»;>' o. «. <5E9 do --r-i 

Diethylane glyeol 1,0 SoO 2o0 <=> as* ftp 

Glycerol 4o0 rs> 6.3 2.0 200 
Hydroquinan© 2o0 at* w 'W? T-T «=, 

OH/COOH (mole ratio) 2sl 111 «i»>3 / */*» 2:1 •*- o y * ** 
1      <i .1 

Viscosity (poises) 157 - J>1000 470 £L0G0 144 
Acid # 69o2 40o6 26o0 A^oJ? 42,6 4<,(> 

a-ooLe concentrations 
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